It is well known that a hydrazino group reacts with carbonyl compounds to give the corresponding hydrazons. Some fluorescence derivatization reagents having a hydrazino group, based on this reaction, have been developed for determining carbonyl compounds (aldehydes and ketones) in high-performance liquid chromatography (HPLC): e.g., 5-hydrazino-N, N dimethylnaphthalene-l-sulfonamides, 4-hydrazino-7-nitro-2, 1 ,3-benzoxadiazole2, 4-aminosulfonyl-7-hydrazino-2,1,3-benzoxadiazole, 4-(N,N dimethylaminosulfonyl)-7-hydrazino-2,1,3-benzoxadiazole and 4-hydrazino-7-nitro-2, 1 ,3-benzoxadiazole hydrazine3, fluoren-9-ylmethoxycarbonylhydrazide4, anthracene-l-and 2-carbonylhydrazides5 and 6,7-dimethoxy-l-methyl-2-oxo-1,2-dihydroquinoxalin-3-ylpropionohydrazide. 6 In previous research, we have developed 4-(1-methyl-2-phenanthro[9, 1O-d]imidazol-2-yl)benzohydrazide (MPIB-hydrazide; Fig. 1 ) as a fluorescence derivatization reagent for carboxylic acids;' the reagent reacted with carboxylic acids in an aqueous solution in the presence of pyridine and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide. The resulting fluorescent derivatives have an excitation maximum at 325 nm, which coincides closely with the light emission of a He-Cd laser. Thus, this reagent was successfully applied to the HPLC determination of carboxylic acids by conventional and He-Cd laser-induced fluorescence (LIF) detection.
In the present work, the reaction of MPIB-hydrazide with aldehydes and ketones was tested. Consequently, it was found that the reagent also reacted selectively with aliphatic and aromatic aldehydes in the presence of sulfuric acid under conditions different from those for carboxylic acids to give highly fluorescent MPIB derivatives (hydrazones). Hence, we have developed a highly sensitive method for determining aldehydes using 
Experimental
Reagents and materials All of the chemicals were of analytical-reagent grade, unless noted otherwise. Water was de-ionized, distilled and further purified with a Milli-QII system (Japan Millipore, Tokyo, Japan). The MPIB-hydrazide was prepared as described previously.'
Apparatus
The electron-impact mass spectra (EI-MS) were recorded on a JEOL (Tokyo, Japan) Model JMS-HX110 spectrometer.
A Jasco (Tokyo, Japan) PU-980 intelligent highperformance liquid chromatograph equipped with a 10-µl high-pressure sample injector were used. The t To whom correspondence should be addressed .
L-column ODS (250X4.6 mm i.d., particle size, 5 µm; Chemicals Inspection and Testing Institute, Tokyo, Japan) was used as an analytical column. The column temperature was ambient (20 -27° C). Aqueous 80% (v/v) methanol was used as an eluent. The flow rate was 1 ml min 1. For conventional fluorescence detection, a Jasco FP-210 spectromonitor fitted with a 15-µ1 flow-cell and a 75W xenon arc lamp was employed; it was operated at an excitation wavelength of 325 nm and an emission wavelength of 460 nm. LIF detection was performed with a Tosoh (Tokyo, Japan) LF-8010 monitor equipped with a 5-µl flow-cell. A series 74 He-Cd laser head with about 10 mW of continuous-wave output at 325 nm was purchased from Omnichrome (Chino, CA, USA) and used as a light source. The emission fluorescence filtered through a bandpass filter centered at 460 nm and with a half-width of 5 nm. The entire optical system was mounted on an optical table (1180X600X27 mm) constructed in-house to be sufficiently large so as to minimize vibrations. Uncorrected fluorescence excitation and emission spectra of the eluates were measured with a Hitachi (Tokyo, Japan) 650-60 spectrofluorometer fitted with a 20-µ1 flow-cell; the spectral bandwidths were 5 nm in both the excitation and emission monochromators.
Derivatization procedure
To 100 µl of a test solution of aldehydes in water were added 50 µl of 5 mM MPIB-hydrazide in N,N-dimethylformamide and 50 µl of 2 mM sulfuric acid. The mixture was heated at 40° C for 15 min. The reaction mixture (10 µl) was injected into the chromatograph. For the reagent blank, 100 µl of water in place of 100 µl of a test solution was subjected to the same procedure.
Reaction product from octanal
The eluates of octanal from the HPLC column were collected and evaporated to dryness under reduced pressure. The residue was determined by El-MAS; m/z 476.2576 [M+, base peak].
Results and Discussion
The HPLC and derivatization conditions were examined using a mixture of cyclohexanecarbaldehyde, 2-naphthaldehyde and octanal (1.0 µM each).
The simultaneous separation of MPIB derivatives of the three aldehydes was studied on a reversed-phase column, L-column ODS, with aqueous methanol and aqueous acetonitrile. The best separation was achieved on L-column ODS with aqueous 80%(v/v) methanol in the mobile phase. Figures 2(A) and (B) show typical chromatograms obtained with the aldehyde derivatives. The individual aldehydes provided unique peaks. All of the peaks were completely separated and eluted within 30 min. The eluates from the three aldehydes had fluorescence excitation and emission maxima at around 325 and 460 nm, respectively.
The most intense peaks were obtained at concentrations greater than 3.0 mM of the reagent solution for all of the aldehydes; 5.0 mM was used in the procedure. Among the solvents examined for the derivatization reaction (methanol, ethanol, acetonitrile, N, N-dimethylformamide and dimethylsulfoxide), the use of N,N dimethylformamide resulted in the most intense peaks in the chromatogram; also, MPIB-hydrazide was found to dissolve easily in N,N-dimethylformamide.
An MPIBhydrazide solution was, therefore, prepared in N,N dimethylformamide.
Among the acids examined for accelerating the reaction (hydrochloric, perchloric and sulfuric acids), the use of sulfuric acid resulted in the most intense peaks at concentrations greater than 0.5 mM for cyclohexanecarbaldehyde and octanal and 1 mM for 2-naphthaldehyde.
Therefore, 2 mM was selected for the simultaneous derivatization of the three aldehydes.
The derivatization reaction of the aldehydes with the reagent occurred more rapidly with increasing reaction temperature. At 40° C, the peak heights for all aldehydes were almost maximal after heating for 10 min (Fig. 3) ; heating for 15 min at 40° C was employed in the procedure. The MPIB derivatives in the final mixture were stable for at least 12 h in daylight at room temperature.
The precision was established by repeated determinations using standard mixtures containing high (1.0 µM each) and low concentrations (10.0 nM each) of the three aldehydes. The relative standard deviations did not exceed 3.8% for all of the aldehydes examined (n=8 in each case). Calibration graphs were prepared by treating test solutions of the three aldehydes (50 fmol -600 pmol each/ 100 µl) as in the derivatization procedure. The calibration graphs were linear over a concentration range of 20 fmol -30 pmol in a 10 µl injection volume for all of the aldehydes tested; the linear correlation coefficients were 0.998 or better for all of the aldehydes tested. The limits of detection for the aldehydes were 2 -3 fmol per injection volume (10 µl) at a signal-to-noise ratio of 3 ( Table 1 ). The reaction product of octanal with MBIP-hydrazide was confirmed as product I (Fig. 1) by the El-MS data (m/z 476.2576 [M+]; calculated as C31H32N40).
The reactivity of MPIB-hydrazide with other carbonyl compounds was studied under the recommended conditions (Table 1) . Many aliphatic and aromatic aldehydes readily reacted with MPIB-hydrazide to form intensely fluorescent MPIB derivatives. The relatively low sensitivities of aldosterone and sugars may have been due to the formation of hemiacetal structures from the compounds. On the other hand, the reactivity of ketones with MPIB-hydrazide was poor compared with that of aldehydes. The reactivity of ketones could not be accelerated, even by prolonged heating and/or heating at higher temperatures. a-Keto acids (pyruvic, a-ketoglutaric and phenylpyruvic) gave no peak under the HPLC and derivatization conditions employed. Other substances, such as fatty acids (saturated and unsaturated fatty acids, prostaglandins and glucuronide conjugates), 17 different a-amino acids, alcohols, amines, phenols and sulfhydryl compounds, gave no fluorescent derivatives under these conditions. This suggests that the proposed method is fairly selective for aliphatic and aromatic aldehydes.
Recently, because of its extremely high sensitivity, LIF detection with a He-Cd ion laser has been successfully introduced to HPLC analysis. The MPIB derivatives of carbonyl compounds have excitation maxima at around 325 nm, and the maximum is close to the light emission of a He-Cd laser (325 nm). Therefore, the minimum detectable level might be expected to be improved by using He-Cd LIF detection. In order to determine the detection limits, a test solution of the three aldehydes (50 fmol each/ 100 µl) was treated according to the derivatization procedure and measured by He-Cd LIF detection. The peaks for 2-naphthaldehyde and octanal could be detected at 40 -80 attomole levels on a column in the chromatogram.
However, the peak for cyclohexanecarbaldehyde was not fully resolved from that of the reagent-blank component(s). Thus, to ascertain the sensitivity, a test solution of aldehydes (1.0 µM) was treated as in the derivatization procedure, and the reaction mixture was diluted 2000 times with methanol and subjected to HPLC with He-Cd LIF detection. A typical chromatogram of the MPIB derivatives of the three aldehydes is shown in Fig. 4 . Many carbonyl compounds were monitored by He-Cd LIF detection ( Table 1 ). The detectability using He-Cd LIF detection was about 6-times better than that of conventional fluorescence detection using a xenon arc lamp. The detection limits for several aldehydes were 180 -800 amol The proposed reagent, MPIB-hydrazide, permits the derivatization of various aliphatic and aromatic aldehydes under moderate conditions and the fluorescence detection of these aldehydes at low femtomole levels using a xenon arc lamp. Since the excitation wavelength of the reaction product was close to that of light emission from the He-Cd laser, the reagent was successfully applied to determine various aldehydes at attomole levels using He-Cd LIF detection.
Therefore, the proposed reagent should be useful for ultrasensitive determination by HPLC with He-Cd LIF detection of thermally labile aldehydes of biological importance at attomole levels. Application of the reagent to the determination of some drugs having an aliphatic aldehyde group in the molecules is continuing.
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